Human drug addiction is a complex disorder, in which exogenous substances are able to recruit and maintain behaviors involved in drug taking. Many drugs that are addictive in humans are able to act on natural brain systems for learning and memory, and while many memory systems may be affected by addictive drugs, work with operant tasks has shown that addictive drugs (e.g. cocaine and alcohol) are particularly effective in recruiting habit learning systems, compared to natural rewards. It is currently unknown if the ability of addictive drugs to facilitate habit learning depends on a direct action on habit learning systems in the brain, versus the rewarding properties of drug administration. To differentiate between these options, rats were trained to perform two actions (lever pressing), each of which was rewarded with a different natural reward. After acquiring the behavior, rats received three training sessions which were followed by post-training injections of saline or cocaine (5 or 10 mg/kg, i.p.). Using sensory-specific satiety, extinction tests revealed that lever pressing for actions which were paired with saline were sensitive to devaluation (typical of goal-directed behaviors) while actions which were paired with cocaine were not sensitive to devaluation (typical of habitual behaviors). Lesions of the infralimbic or dorsolateral striatum were able to block the action of post-training cocaine injections. These data indicate that, within individual rats, cocaine injections facilitate the transition of behavior to habitual control for actions that have been recently performed, without a general facilitation of habit learning, and that this action of cocaine requires brain areas that are critical for learning natural habits.
Introduction
Humans self-administer a wide variety of drugs for recreational purposes, and individuals who transition from recreational use to drug addiction incur substantial costs to both themselves and society. To better intervene in drug addiction, many research studies today focus on the mechanisms by which drugs are able to recruit and sustain self-administration. Several studies have shown that experience with addictive drugs can bias rats to use habitual behaviors (in which responses are driven by stimulus-response associations) over goal-directed behaviors (in which responses are guided by action-outcome associations, and the motivation to obtain an outcome, Dickinson, 1985) . For instance, Dickinson and colleagues have shown that actions reinforced with alcohol (Dickinson, Wood, & Smith, 2002) or cocaine (Miles, Everitt, & Dickinson, 2003) become resistant to devaluation of the outcomes, an index of the development of habitual behaviors. In these same animals, actions which were reinforced with natural rewards (such as sucrose) remained sensitive to outcome devaluation, an indication that these actions were goal-directed. Similarly, a study by Gabriele, Setlow, and Packard (2009) demonstrated that in extinction training in a straight alley maze, training that had been reinforced with oral cocaine led to more habitual behavior during extinction, compared to training that had been reinforced with a sucrose solution. As proposed by White (1996) , these drug effects may be produced in several ways, either through the reinforcing properties of the drugs themselves, through the action of the drugs on memory systems in the brain which support habitual behavior, or by the incentive learning effects of the drugs. Both amphetamine sensitization (Nelson & Killcross, 2006; Nordquist et al., 2007) and exposure to cocaine (LeBlanc, Maidment, & Ostlund, 2013) has been demonstrated to bias rats to perform habitually actions which were learned subsequently (in a drug free state). Similarly, alcohol dependent humans also show accelerated development of habitual behavior (Sjoerds et al., 2013) . Together, these studies show that in nonhuman animals, drugs which are addictive in
